Abstract: Diabetes and hypertension are the two major causes of chronic kidney disease (CKD). Epidemiological studies have found poor knowledge about the CKD among the general population. Hence, this study aimed to assess the awareness of CKD among type 2 diabetes mellitus (T2DM) patients in India. Patients with confirmed T2DM were included in the study. Patients receiving dialysis or with a history of a kidney transplant were excluded. A validated questionnaire was used to assess knowledge about CKD. Demographic characteristics were presented using descriptive statistics and trends in groups were calculated using the chi-square test. Statistical analysis was performed using SAS v9.4. A total of 323 patients completed the study. The mean age of the patients was 56 ± 11.25 years, and 51.7% were female. Only 33.43% of the patients correctly identified diabetes and hypertension as risk factors for CKD, while 44.27% were aware of the kidney's function. Statistically significant associations were observed between kidney disease knowledge and education status (p = 0.004), socioeconomic status (p = 0.000), and income status (p = 0.003). No association was observed between the knowledge about CKD and age, gender, hypertension stages, CKD stages, duration of diabetes as well as hypertension and co-morbidities. Based on the results of this study, we found poor knowledge of CKD among Indian T2DM patients. The government should start a CKD awareness programme to deal with this rising co-morbid condition.
Introduction
Diabetic kidney disease (DKD), also known as diabetic nephropathy, is a common microvascular complication of type 2 diabetes mellitus (T2DM). DKD is considered a major public health problem for both the patient and the healthcare system. Diabetes and hypertension are two major risk factors of chronic kidney disease (CKD) [1] . Even pre-hypertension is associated with an increased risk of CKD, with a relative risk of 1.28 (95% CI: 1.13 to 1.44) [2] . Albuminuria and proteinuria are hallmarks for CKD, which is characterized by a decline in renal function [3, 4] . Diabetes and hypertension are also the most common causes of end-stage renal failure, accounting for nearly 50% of cases [5] [6] [7] . In the United States (US), diabetes and hypertension are the leading causes of kidney failure in CKD patients [8] . CKD has high global prevalence, with rates reported between 11% to 13% [9] . The Start India Project, which assessed the prevalence of CKD among diabetic patients, has estimated that more than 40% of T2DM patients have CKD. Likewise, one in five hypertensive subjects has CKD [10] . According to the Patients' demographic characteristics like age, sex, marital status, substance use (smoking, drinking), and family history were recorded in the case record form. We used modified Kuppuswamy's socioeconomic scale to assess the economic status of the patients. According to this scale, socioeconomic status was divided into five subscales (upper, upper middle, lower middle, upper lower, and lower) on the basis of occupation, education, and family income. The majority of the patients fell into two categories, lower or lower middle class, so the patients were categorized into two classes (i.e., lower class or middle class).
Questionnaire Used
The questionnaire used to assess the CKD awareness was adopted from Chow et al. [24] . The questionnaire consisted of seven questions covering aspects of anatomy (number of kidneys needed to lead a normal life), physiology (the function of a kidney), etiology (risk factors of CKD), presentation (symptoms of CKD, progression), resources availability, and treatment (please refer to the supplementary file for the questionnaire). Every correct answer was allocated one point, so that patients could score a maximum of seven points or a minimum of zero point. Patients were considered to have good knowledge if they scored ≥4 points and poor knowledge if they scored <4 points.
Clinical and Laboratory Analysis
Anthropometric parameters and blood pressure were recorded by the trained nurse personnel. Blood pressure was measured using Richter auscultatory sphygmomanometers at two times: one at 5 min of rest and another at sitting position. Mean systolic blood pressure (SBP) and diastolic blood pressure (DBP) were recorded. Patients' blood pressure records were also reviewed for an accurate reflection of hypertension stage. Patients were classified as hypertensive if the mean SBP was ≥140 mmHg and DBP was ≥90 mmHg or if they had been previously prescribed antihypertensive medication. Patients were further categorized as prehypertensive (SBP 120-139 mmHg or DBP 80-89 mmHg), stage-I hypertensive (SBP 140-159 mmHg or DBP 90-99 mmHg), and stage II hypertensive (SBP ≥ 160 mmHg or DBP ≥ 100 mmHg) [31] . Similarly, T2DM was defined on the basis of their medical record or fasting plasma glucose and/or glycated hemoglobin (HbA1c) level or as per the American Diabetes Association (ADA) guidelines (random blood sugar ≥ 200 mg/dL) [32] . To assure the accurate reflection of glycemic control, we also reviewed the patients' HbA1c records. HbA1c level below 7 was considered a good glycemic control, and HbA1c ≥ 7 was considered a poor glycemic control. CKD was defined on the basis of kidney function, as determined by means of estimated glomerular filtration rate (eGFR). The Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation was used to calculate the eGFR (mL/min/1.73 m 2 ) [33] . The National Kidney Foundation (NKF) classified CKD into six stages based on eGFR, where stage I refers to eGFR ≥ 90, stage II refers to eGFR 60-89, stage IIIa refers to eGFR 45-59, stage IIIb refers to eGFR 30-44, stage IV refers to eGFR 15-29, and stage V refers to eGFR < 15 [34] . Due to the small number of patients in CKD stage IIIa, IIIb, and IV, we included these classifications together under CKD stage III. The status of co-morbidities and duration of diabetes and hypertension were confirmed by physician, patients' previous medical records, and current prescription. Literacy was self-reported by the patient.
Blood samples (5 mL) were collected for the routine test. The HbA1c test was performed by using a fully automated HPLC using a BIORAD testing system. Serum creatinine was determined by a modified Jaffe colorimetric method using a fully automated Siemens adiva-1800 chemistry analyzer (Siemens Healthcare Pvt Ltd., Mumbai, India). Blood glucose levels were determined by using a fully automated Roche Cobas 6000 analyzer (Roche, Mannheim, Germany). The entire tests were performed in the central pathology lab of Hamdard Institute of Medical Sciences and Research.
Statistical Analysis
Demographic characteristics were presented using descriptive statistics. Categorical variables were presented by frequency and percentages. Differences and association were computed using the chi-square test and multiple logistic regression. We considered good knowledge (≥4 scores) and poor knowledge (<4 scores) as the dependent dichotomous variable and associations were computed using the chi-square test. Similarly, we considered correct and incorrect responses of every question (domains) as the dependent dichotomous variable and associations with the demographic characteristics and clinical parameters were calculated using the chi-square test. A p value < 0.05 was considered statistically significant. All the statistical analyses were performed using SAS v9.4 (SAS Institute Inc: Cary, NC, USA).
Results
A total of 365 patients participated in the study, of which 42 were excluded, as they did not fulfill the inclusion criteria. The mean ± SD age of patients was 56 ± 11.25 years, and 51.7% were female. The majority (96.3%) was married and not covered by health schemes or health insurance and bound to pay out-of-pocket for the treatment. More than three-fourth of patients (77.7%) was of lower socioeconomic status and 63.5% were educated. Mean ± SD duration of diabetes was 10 ± 4.39 years and approximately 43.3% of the patients had a family history of diabetes. CKD stage III was prevalent in 34.4% (eGFR < 60 mL/min/1.73 m 2 ) of patients, while 23.5% and 17.3% of patients had hypertension stage I and stage II, respectively. Demographic characteristics are presented in Table 1 . 
Patient's Knowledge of CKD
Amongst seven domains of CKD knowledge, 118 patients (36.53%) correctly answered the anatomy part of the questionnaire that only one kidney is required to live a normal life. Less than half of the study population (44.27%) was aware that the filtration of waste products in the blood is the function of the kidney. More than three-fourth of the respondents (77.08%) correctly identified the risk factors of CKD in which only one-third (33.43%) of the respondents were aware of diabetes and hypertension as risk factors. Only 6.5% correctly identified hypertension, diabetes, and inherited condition as risk factors for the development of CKD. While 29.72% of the patients correctly identified symptoms of early kidney disease that might progress to kidney failure, only 4.95% of patients were aware that kidney disease could present without any symptoms. Likewise, a similar percentage of patients correctly identified that medications cannot cure CKD. Only 13.93% of patients were aware that dialysis treatment can be carried out both in a dialysis center and at home. Figure 1 shows the percentages of patients who correctly answered the questions.
and hypertension as risk factors. Only 6.5% correctly identified hypertension, diabetes, and inherited condition as risk factors for the development of CKD. While 29.72% of the patients correctly identified symptoms of early kidney disease that might progress to kidney failure, only 4.95% of patients were aware that kidney disease could present without any symptoms. Likewise, a similar percentage of patients correctly identified that medications cannot cure CKD. Only 13.93% of patients were aware that dialysis treatment can be carried out both in a dialysis center and at home. Figure 1 shows the percentages of patients who correctly answered the questions. Only 21.36% of respondents were found to have good knowledge (≥4 scores) of CKD, and the remaining had poor knowledge (<4 scores) of CKD ( Table 2) . Respondents who were literate, had a monthly family income more than 20,000 INR (Indian National Rupees), and belong to the middle class were found to have significantly good knowledge of CKD (all p < 0.05). No significant difference in knowledge score was observed among respondents stratified according to CKD stages, hypertension stages, BMI, gender, co-morbidities, family history, and duration of diabetes and hypertension (all p > 0.05). Only 21.36% of respondents were found to have good knowledge (≥4 scores) of CKD, and the remaining had poor knowledge (<4 scores) of CKD (Table 2) . Respondents who were literate, had a monthly family income more than 20,000 INR (Indian National Rupees), and belong to the middle class were found to have significantly good knowledge of CKD (all p < 0.05). No significant difference in knowledge score was observed among respondents stratified according to CKD stages, hypertension stages, BMI, gender, co-morbidities, family history, and duration of diabetes and hypertension (all p > 0.05). 
Factors Influencing CKD knowledge
Being older (≥50 years), female gender, substance use (smoking, drinking), and occupation were non-significantly associated with CKD knowledge in all of the seven domains of the questionnaire.
Patients who had a family history of diabetes were more likely to have a higher knowledge of CKD in all the domains except the treatment domain.
Patients belonging to the middle class were found to have a significantly higher knowledge of CKD in almost every domain of the CKD questionnaire (p < 0.05). Similarly, patients who had a monthly family income more than 20,000 INR were found to have a significantly higher knowledge of CKD (p < 0.05). Poor glycemic control patients were found to have a higher knowledge of the anatomy-related part of the questionnaire, with an odds ratio of 1.71 (95% CI: 1.04 to 2.80) as compared to good glycemic control patients (Tables 3 and 4) . CKD stage II and III patients had significantly higher knowledge in the physiology and disease progression parts of the questionnaire, respectively (p < 0.05), in comparison to the stage I CKD patients. A detailed description of the results is presented in Tables 3 and 4 . Multiple logistic regression analysis reveals that patients who were literate (adjusted odds ratio (AOR) 1.78 (95% CI: 1.30-2.36), p = 0.02) and had a higher family income (AOR 2.26 (95% CI: 1.66-3.14), p = 0.04) was found to have significantly good knowledge of CKD. 
Discussion
It is evident from the literature that burden of diabetes is continuously increasing, which will contribute to the rising prevalence of CKD globally [9, 10] . Published literature revealed that CKD can be reversible and preventable from its progression to end-stage kidney disease if it is diagnosed at an early stage [21, 22] . Previous studies found poor knowledge of CKD among the general public, however, limited studies have assessed the knowledge of CKD among high-risk patients [23] [24] [25] . This was the first cross-sectional study assessing the knowledge of CKD among a high-risk population with diabetes and hypertension as co-morbid conditions. The current study revealed poor knowledge of CKD among these patients. Less than a quarter of the patients had good knowledge of CKD (knowledge score ≥ 4). Poor knowledge of CKD was also found in other studies conducted around the globe [24, 35] .
In this study, only one-third (33%) of the patients identified hypertension and diabetes as risk factors of CKD. A cross-sectional survey conducted among the non-CKD Malaysian population found half of the population (51.2%) to be aware of diabetes and hypertension as risk factors of CKD [24] . Variation in risk factor awareness could be due to the higher education level among the Malaysian population, as all (100%) the respondents were literate and 78.3% of the respondents had secondary or above secondary education levels [24] . Similarly, a cross-sectional telephonic survey among community-dwelling adults also revealed poor awareness of CKD and less than half of the population were aware of diabetes or hypertension as risk factors of CKD [35] . A lack of awareness about common risk factors like hypertension and diabetes is raising the alarm for the need for further action. Furthermore, this population is less likely to get proper screening, adhere to prescribed medication regimens, or take part in decision making, which may ultimately contribute to the rising prevalence of CKD and further progression of CKD to its end stages. Our study also found that patients who had a family history of diabetes or poor glycemic control were more likely to have a higher knowledge of CKD, including the risk factors. Higher knowledge among these patients could be possibly due to poor health status (uncontrolled diabetes), or patients who have heard of CKD are more likely to have better knowledge [36] . A study by Fezeu et al. [37] also concluded that patients whose relatives had a chronic condition are generally more aware (p < 0.001) of the disease. Patients belonging to the middle class or having higher family income were also found to have a higher knowledge of CKD. Family income is considered to be an important factor affecting the quality of life among non-dialysis CKD patients [38] . Previous studies also suggested that low income is associated with a higher prevalence of chronic conditions [39] .
No significant difference in knowledge score was observed among respondents stratified according to CKD stages, hypertension stages, BMI, age, gender, and co-morbidities. The findings of Finkelstein et al. [40] also found no impact of age, gender, and disease on patients' knowledge of CKD. However, they found that knowledge of CKD improved significantly as the CKD stage progressed, particularly in stage 5 CKD. Our result was contrary to that, as we did not find any significant improvement in knowledge on the basis of CKD stages. A possible reason for this could be due to the inclusion of non-dialysis (stage I to III CKD) patients only.
The study should be interpreted in light of certain limitations. Firstly, the findings of the study cannot be generalized to the entire CKD population, as the study was comprised only of patients from a single center. Secondly, the study was limited in regard to the selection of participants (selection bias); to overcome this, we consecutively selected the participants. There were several notable strengths of this study. Firstly, the study included T2DM and hypertensive patients and performed stratification based on CKD and hypertension stages. Secondly, the knowledge level was correlated with diabetes and hypertension status. The present study also highlighted the needs of CKD education among T2DM and hypertensive patients, since a lack of knowledge about these risk factors was reflected in the study that may have resulted in late referral to the nephrologist and poor participation in the decision-making process. Future studies are warranted to assess the CKD knowledge in a large population-based sample and to frame a CKD awareness model for high-risk patients as well as the general population in order to promote earlier diagnosis, better treatment, and innovative care.
Conclusions
We found poor knowledge of kidney disease among T2DM and hypertensive Indian patients. The government should start a CKD awareness programme to deal with this devastating co-morbid condition, which would help in achieving cost-effective prevention.
